The new pinane derivative containing unique multifused ring system was synthesized. The crystal, molecular and electronic structure of the title compound has been determined. Both pinane ring systems have the same conformation. The five-membered oxazolidine ring exists in twisted chair conformation. The structure is expanded through O-H … O hydrogen bond to semiinfinite hydrogen-bonded chain. The bond lengths and angles in the optimised structure are similar to the experimental ones. The CH3 and CH2 groups (except this of oxazolidine ring) are negatively charged whereas the CH groups are positively charged. The largest negative potential is on the oxygen atoms. The C-N natural bond orbitals are polarised towards the nitrogen atom (ca. 61% at N) whereas the C-O bond orbitals are polarised towards the oxygen atom (ca. 67% at O). It is consistent with the charges on the nitrogen and oxygen atom of oxazolidine ring and the direction of the dipole moment vector (3.08 Debye).
Introduction
Pinane and its countless derivatives have diverse applications in pharmaceutical, cosmetic and food industry. The pinane itself is wildly used as the raw material of the fine perfume and vitamin A, vitamin E, vitamin K, but the most important is using the pinane derivatives in asymmetric synthesis.
1 Pinane can be easily obtained from pinene, which is one of the most common and the most used natural sources of chirality. The commercially available 2α-hydroxypinan-3-one (99% enantiomeric purity) is frequently used as chiral auxiliary in the asymmetric alkylation of ketoimines and in synthesis of aminoacids and sphingosines.
2 2α-hydroxypinan-3-one can be source of oximes which can be easily transferred to optically active amino alcohols 3 and in consequence to Shiff bases. 1 Mentioned amino alcohols are the raw compounds in asymmetric reduction of prochiral ketones. 4 The chiral oxazolidine derivatives are also often used as chiral auxiliaries 5 or as promoters for enantioselective addition. 6 They replace commonly used homochiral ester enolates, because oxazolidine derivatives can provide more predictable diasteroselectivity and can be more easily regenerated. The use of chiral auxiliaries to transfer chirality, with predictable stereochemistry in newly formed stereocenters, is one of the most valuable tools in asymmetric synthesis. Unlike chiral catalysts, chiral auxiliaries are used in stoichiometric amounts to induce the stereoselective formation of stereogenic centers. 7 Combined systems containing two different chiral auxiliaries cause better stereoselectivity in asymmetric synthesis than compounds containing only groups of one type. 8 The title compound consolidates the benefits of oxazolidines and pinane, and it should act as very good chiral inductor for the stereoselective transformation in asymmetric iodolactamization 9 or asymmetric aldol reactions. 10 Additionaly, according to literature, it is first known ring system containing substitued at N atom oxazolidine ring fused with pinane.
Experimental
Synthesis. Enantiomeric derivatives were obtained from optically pure 2-hydroxypinan-3-one oxime according to Markowicz et al. 1 procedure. Optically pure oxime was obtained by crystallization of racemate from hexane (mp. = 121-122 °C). In the next step, the oxime was reduced by LiAlH4 in diethyl ether giving 3α-(2α-hydroxy)pinanoamine. Then, from 3α-(2α-hydroxy)pinanoamine and 2-hydroxypinan-3-one the Schiff base was obtained in reversible reaction. To eliminate the hydrolysis, the Schiff base was azeotropically distilled over silica gel. Next Schiff base of 2α-hydroxypinan-3 and 3α(2α-hydroxy)pinanoamine was reduced by LiAlH4 giving di[3α(2α-hydroxy)pinane)]amine. In the last step secondary amine was treated with 88% formic acid and 37% formaldehyde giving 3-[3α(2α-hydroxy)pinane]-4,5-(pinan)oxazolidine.
Synthesis of 2-hydroxypinan-3-one oxime (according to Burak and Chabudzin ' ski 3 ): 150.0 g of 2α-hydroxypinan-3-one = −28.42° (c = 0.5, CHCl3), e.e. = 71% was dissolved in 500 mL of ethanol. Next 120 g of hydroxylamine hydrochloride dissolved in 150 mL of water and 120.0 g of sodium acetate was added. The mixture was shaken for a week and then ethanol was evaporated and 350 mL of water was added. ): A 100 g of oxime (e.e. = 65%) was eluted by boiling hexane (4 × 500 mL). The oxime solution was concentrated on vacuum rotary evaporator to 500 mL. The fractional crystallization gives 55. ): To 30 g of LiAlH4 dissolved in 500 mL diethyl ether 50 g of oxime dissolved in diethyl ether was dropped in. The mixture was boiled for 20 hours. The ether layer was decanted and evaporated. The resulting oil was distilled off and the residue was dissolved in 15 mL of 37% HCl. The solution was alkalized by 50% NaOH and extracted by diethyl ether. 25.11 g 2-hydroxypinan-3-on oxime was crystallized from hexane (20 mL) ( = −12.1° (c = 1, CHCl3) (racemate is insoluble in hexane). 
Synthesis of

Synthesis of 3-[3α(2α-hydroxy)pinane]-4,5-(pinan)-
oxazolidine: 1 g of di[3α(2α-hydroxy)pinane)]amine was dissolved in 20 mL of toluene and cooled down to −20 °C. 20 mL of 88% formic acid was dropped and next 5 mL of 37% formaldehyde was slowly added. The mixture was heated for 60 hours under reflux (t = 80 °C) and then cooled down. Next 7 mL of 6 M HCl was added and the product was extracted by diethyl ether (3 × 10 mL). The ether extracts were washed twice by 5 mL of water and dried by MgSO 4 . The water layer was alkalized by 50% NaOH and then extracted by diethyl ether again. Ether layer was washed twice by 5 mL of water, dried by MgSO 4 and evaporated. Yield 0.93 g (90.2%). The crystals suitable for X-ray determination were obtained by slow evaporation from diethyl ether.
Crystal structures determination and refinement. The X-ray intensity data were collected on a KM-4-CCD automatic diffractometer equipped with CCD detector, 22 seconds exposure time was used. The unit cell parameters were determined from least-squares refinement of the setting angles of 5461 strongest reflections. Details concerning crystal data and refinement are given in Table 1 . Lorentz, polarization and numerical absorption corrections 11 were applied. The structure was solved by the direct methods and subsequently completed by the difference Fourier recycling. All the non-hydrogen atoms were refined anisotropically using full-matrix, least-squares technique. All hydrogen atoms were founded on difference Fourier synthesis and they were refined as "riding" on their parent atoms 26 The fivemembered oxazolidine ring exists in twisted chair conformation 27 (CS(C21/C11-C12) = 9.1(2)° and C2(C11/O2-C21) = 7.2(2)°). For 1517 containing oxazolidine ring compounds included in CSD 5.27.1 28 only in one structure ring has similar conformation to title compound: the ring of 6-nitro-2,4-dipropionyl-8-oxa-2,4,6-triazabicyclo(3.3.0)octane. 29 In the structure can be found one medium strength hydrogen bond (O(1)-H(1O) … O(2#x+0.5, −y+1.5, −z+2), H…O distance 2.00 Å, O…O distance 2.8918 (15) and O-H…O angle 161.5º) linking molecules to semiinfinite hydrogenbonded chain along crystallographic a axis.
The bond lengths and angles in the optimised structure are similar to the experimental ones (Table 2) . However, the geometry of C-N bond linking the rings is changed (Fig. 3) . Apart from minor variation in the ring angles, the greatest difference is between the torsion angle around the C(1)-N(1) bond with −75.69° for crystal structure and −86.15° for optimised structure. The largest differences are found for the C-C bonds of both bicyclo[3.1.1]heptane ring systems. They are significantly elongated.
The calculated group charges calculated according to most popular schemes (Mulliken, Natural Population Analysis (NPA), Breneman, Merz-Kollman-Singh (MKS) charges) are listed in Table 3. ‡ Generally, the CH3 and CH2 groups are negatively charged whereas the CH groups are positively charged. The methylene group of C(21) is exception. It has positive charge, which is probably caused by the larger electronegativity difference between carbon atom and neighbouring atoms and hence bigger polarisation of C (21) O(2)-C(12) bond (0.014), whereas the nitrogen lone pair contributes a slight strengthening of the C(21)-N(1) bond (0.016). The bond order can be also calculated by means of the bond-valence method (BVM), 34 according to which the bond valence (v ij ) is defined as a number of electron pairs forming the bond. For many years, this method was used only for inorganic compounds, occasionally for coordination compounds. Recently, Mohri 35 has suggested that BVM can be successfully used for organic compounds on condition that the mean bond length The depiction of negative molecular electrostatic potential surfaces (for value of −0.04 a.u.) and electron density surface (for value of 0.04 a.u.) (Fig. 4) indicates that the buildup of negative potential is the largest on the oxygen atoms. Such polarisation is consistent with the observed chemical reactivity of title compound e.g. forming of hydrogen bonds. The HOMO(92) orbital is localised primarily on the s C(1), p x C(11), s C(21), and p y , p z nitrogen orbitals (Fig.  5) . The s orbitals from C(1) and p y , p z orbitals from N(1) have opposite signs, indicating that they combine to form an antibonding molecular orbital. The LUMO(93) orbital have more complicated character. It is formed from the s orbitals from carbon atoms: C(6), C(8), C(9), C(10), C(11), C(15), C(18), C(19) and C (20) .
The bond features have been analysed in terms of the Natural Bond Orbital (NBO) scheme. [16] [17] [18] As expected, the (Table 4) .
Conclusion
The crystal, molecular and electronic structure of title compound has been established. Both pinane ring systems have resembling conformation and it is similar to those found for other substitued pinanes. The five-membered oxazolidine ring exist in twisted chair conformation. The structure is stabilised via O(1)-(1O)…O(2#x+0.5, −y+1.5, −z+2) medium strength hydrogen bond. In this way a semiinfinite hydrogen-bonded chain along crystallographic a axis is created. The bond lengths and angles in the optimised structure are similar to the experimental ones, however, the geometry of C-N bond linking the rings is changed. The methylene group of C(21) has positive charge, which is probably caused by the bigger electronegativity difference between carbon atom and neighbouring atoms and hence bigger polarisation of C (21) 
